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ago. The latter are true " cells/' containing a liquid and two metallic 
surfaces, and they generate a voltage by exposure to light : the former are 
resistances simply ; but they will probably prove much more convenient, 
because they are used with a galvanometer instead of an electrometer. 
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§ 1. The fundamental quantities in the theory of capillary phenomena are 
the surface-tension 7 (which we shall suppose expressed in dynes per centi- 
metre), and the surface- energy X (which we shall suppose expressed in ergs 
per square centimetre). The relation between these two quantities is at once 
given by the thermodynamic equation connecting available energy with total 
energy : it is therefore 

7 = ^ + T^, (1) 

where T denotes absolute temperature. 

This equation implies that when the area of a surface of separation is 
increased by 1 cm.^ at temperature T, the external agencies do work 
amounting to 7 ergs against the surface-tension : and this energy, together 
with a further contribution of --Tdy/dT ergs which is appropriated from 
the heat-energy of neighbouring bodies, becomes resident in the film, giving 
rise to an increase of X ergs in its internal energy. 

The relation between the surface-tension and surface -energy is, of course, 
exactly the same as the relation between the electromotive force of a voltaic 
cell and the energy of the chemical reactions which occur in the cell. 

§ 2. As in the comparative theory of chemical substances the heat evolved 
by a reaction is a more fundamental quantity than the E.M.F. of a cell which 
can be based on the reaction, so in molecular theory the internal energy of a 
surface of separation is a more fundamental quantity than the surface- 
tension to which it gives rise ; and it therefore becomes of importance te 
study the above quantity X. 

Now the value of the surface-tension 7 has been experimentally deter- 
mined for several liquids over wide ranges of temperature by Eamsay and 
Shields ;* from their results it is possible by the equation (1) above to 

^ ' Phil. Trans.,' A, vol. 184, 1893, p. 647. 
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■compute the amount of the surface-energy X. The writer has done this (see 
tables below). 

One of the peculiarities of the surface-tension observed by Eamsay and 
Shields, namely the tendency of 7 to become insensibly small with rising 
temperature before the critical point is reached, is at once explained when X 
is considered : for it appears that, at temperatures approaching the critical 
point, the term —Tdj/dT is very large compared with the term 7 in 
equation (1), so that in this region the surface-energy consists almost entirely 
of the term --Td*y/dT, and the surface-tension is (so to speak) a small 
quantity of the second order; There seems to be no reason for supposing 
that the surface-energy X itself vanishes before the critical point is reached. 

§ 3. The main object of the writer, however, in computing X was to see 
whether it obeyed any simple law or could be represented by any simple 
formula. . This quest has apparently met with success, though it is obvious 
that an empirical relation based only on the behaviour of five substances over 
a limited range of temperature, and as yet unsupported by any theoretical 
explanation, is to be received with caution until further comparison with 
•experimental results is possible.' 

The relation in question is that the surfaGe-energy X of a liqidd in contact 
with its own "Dwpour at any temferature is proportional to the product of the 
internal latent heat and the (absolute) temperattire. 

Perhaps it will be well to define the term ''internal latent heat." As is well 
known, heat supplied for the vaporisation of a liquid is spent in two ways, 
namely (1) in furnishing the necessary increase of internal energy of the 
substance as it passes from the state of liquid to that of vapour, and (2) in 
doing work against external agencies by expansion. The heat expended in 
the former of these ways is termed the " internal latent heat " : by the formula 
of Clapeyron and Olausius, it is equal to 



dT 



'PJ(^-^% 



where I? denotes the vapour-pressure and r' and v the volumes of 1 gramme 
of the substance before and after vaporisation. 

This internar latent heat, which we shall denote by A, is intimately 
connected with Laplace's " intrinsic pressure " K of a liquid, and so with the 
classical theory of capillary phenomena. 

The empirical formula suggested is, then, 

X = constant x TA. 
The characteristic features in the behaviour of X are as follows. Beginning 
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with a zero value at (or very near) the critical point, \ at first increases very 
rapidly as T decreases ; but this rate of increase soon decays, and when the 
temperature has fallen 50° or 60° below the critical point X increases much 
more slowly. A point is at length reached, about 180^ below the critical point, 
at which X is stationary : and thenceforward X diminishes as the temperature 
decreases, — a somewhat surprising result. These changes in X are identical with 
the changes of the function TA, which has its stationary point at the same 
temperature as X. 

§ 4. Tahles. — The following tables illustrate the matter. The five substances 
considered represent all the non-associating substances investigated by 
Kamsay and Shields* for which values of the internal latent heat were 
immediately available. The tables stop before the neighbourhood of the 
critical point is reached, but it obviously becomes difficult, as the critical point 
is approached, to derive trustworthy values of X, which here consists mainly 
of the product of the large factor T into the small and uncertain factor dyjdT^ 
and is therefore liable to large errors : the values of A in this region are 
probably also very uncertain, and in the present state of experimental 
knowledge it seems hazardous to carry the comparison of X and TA nearer 
than 40° or 50° to the critical point ; there is, however, a general agreement 
between X and TA between this point and the critical point, in that they 
both rapidly decrease to zero. 

In the tables, the numbers in the first column are absolute temperatures in 
Centigrade degrees; in the second column are given the values of the 
surface-tension 7 as fou.nd by Eamsay and Shields ;t in the third column 
are the values of c^^/cZT derived from these by taking differences and 
smoothing ; in the fourth column, the values of X derived by equation (1) 
above from these values of 7, T, and d^jdT ; in the fifth column, values of 
the internal latent heat A in calories, taken from tables given by Mills \X 
and in the last column the values of lO^X/TA as calculated from the numbers 
in the preceding columns. 

It will be seen that the numbers in the last column are not strictly 
constant. They might be made so by altering the estimated values of dtyjdT 
(from which X is calculated), without doing great violence to the data ; but 
alterations of this kind are evidently undesirable. 



■^ Loc. cit, t Log. cit, 

X ' Journ. Phjs. Chem.,' vol. 8, p. 383, and vol. 10, p. 1. 
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Ethyl Oxide. 


Critical Temperature, 467^ 


''5 abs. 


T, 


T* 


dy 


A. 


A. 


TA* 


313 
323 
333 
343 
853 
363 
373 
383 
393 
403 
413 
423 


14 -05 

12 -94 

11-80 

10-72 

9-67 

8-63 

7-63 

6-63 

6-65 

4-69 

3-77 

2-88 


-0-112 

-0-1115 

-0-110 

-0 -108 

-0-106 

-0-1035 

-0-1015 

-0-0996 

-0-097 

-0-094 

-0-0905 

-0 -086 


49-1 
48-9 

48-4 
47-8 
47-1 
46-1 
45-5 
44-7 
48-8 
42-6 
41-1 
89-3 


75 36 
73-01 
70-79 
68 35 
65 85 
63 81 
60 -33 
68 '07 
64-91 
51-62 
48 -31 
44-38 


20-8 
20-8 
20-6 
20-4 
20-3 
20-1 
20-2 
20-1 
20-3 
20-5 
20*6 
20-9 



Methyl Formate, Critical temperature, 487^ abs. 



T. 


T* 


dy 


A. 


A. 


lO^A 






d'Sl 






TA 


303 


28-09 


-0-163 


69-4 


107 -49 


21-3 


313 


21-56 


-0-151 


68-8 


103 -95 


21-1 


323 


20-05 


-0-149 


68-2 


99 -61 


21-2 


333 


18-68 


-0-147 


67-6 


95-69 


21-2 


343 


17*55 


-0 -146 


67-3 


92-16 


21-3 


363 


15*70 


-0-143 


66-2 


88-03 


21-3 


363 


14-29 


-0-141 


65-6 


85 -10 


21-2 


373 


12-90 


-0 -139 


64-6 


82*43 


21-0 


383 


11-62 


-0-1365 


68*8 


79-21 


21*0 


393 


10-18 


-0 -134 


62-9 


75-92 


21-1 


mz 


8-86 


-0-1315 


61*8 


71 -96 


21-3 


413 


7-54 


-0-128 


60-4 


68-10 


21*6 


423 


6-30 


—0-124 


58*8 


64-03 


21*7 



Carbon Tetrachloride. Critical Temperature, 556° abs. 



T. 


7. 


dy 
dT 


A. 


A. 


lO^A 
TA- 


363 


17-60 


-0-111 


67-9 


40-62 


39-3 


373 


16-48 


-0-110 


57-5 


39*68 


38-9 


388 


16 -41 


-0 -108 


66-8 


38-64 


38-4 


393 


14-32 


-0-107 


56-4 


37-68 


38-2 


408 


18 -27 


-0 -106 


66-6 


36-68 


37-7 


413 


12-22 " 


-0-103 


54*8 


36-56 


37-8 


423 


11-21 


-0 -101 


53-9 


34*42 


37-0 


433 


10-22 


-0-099 


53-1 


38-28 


36-9 


448 


9-24 


-0-098 


62-6 


32-07 


37-0 


453 


8*26 


-0-097 


62-2 


80*83 


37-4 


463 


7-28 


-0-096 


61*7 


29*52 


87-8 


473 


6*84 


-0 -094 


50-8 


28-22 


38-1 


483 


5-40 


-0-098 


60-3 


26-88 


38-8 


493 


4*47 


-0-092 


49-8 


25-86 


39-8 


503 


3-66 


-0-087 


47-3 


23-73 


39-6 
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Benzene. Critical temperature, 561°'5 abs. 



T. 


7- 


dy 
dT' 


\, 


A. 


10*A 
TA* 


353 


20-28 


-0-111 


69-5 


85-6 


19-7 


363 


19-16 


-0-113 


60-2 


83-7 


19-8 


373 


18-02 


-0-115 


60-9 


82-0 


19-9 


383 


16-86 


-0 -1155 


61-1 


80-0 


20-0 


393 


15-71 


-0 -1145 


60-7 


78-1 


19-8 


403 


14-57 


-0-113 


60-1 


76-1 


19-6 


413 


13 -45 


-0-111 


59-4 


74-1 


19-4 


423 


12-36 


-0-110 


58-8 


71-9 


19-3 


433 


11-29 


-0 -108 


58-0 


69-7 


19-2 


443 


10-20 


-0-106 


57-2 


67-5 


19-1 


453 


9-15 


-0-104 


56-1 


65-1 


19-0 


463 


8-16 


-0-101 


55-0 


62-7 


19-0 


473 


7-17 


-0 -099 


54-0 


59-9 


19-1 


483 


6-20 


-0-097 


52-9 


57-0 


19-3 


493 


5-25 


-0 -094 


51-5 


53-8 


19-4 


503 


4-32 


-0-091 


49-9 


50-5 


19-7 


513 


3-41 


-0-087 


48-1 


46-6 


20-1 



Chlorobenzene. Critical temperature, 633° abs. 



T. 


7- 


dy 
dT' 


A. 


A. 


lO^X 
TA- 


423 


17-67 


-0-0995 


59-8 


65-81 


21-4 


433 


16-62 


-0-10 


59-9 


64-12 


21-6 


443 


15-67 


-0-10 


60-0 


63-02 


21-5 


453 


14-66 


-0-0995 


60-0 


61-46 


21-5 


463 


13-69 


-0-0985 


59-3 


59-97 


21-3 


473 


12-72 


-0-0970 


58-6 


58-31 


21-3 


483 


11-75 


-0-0960 


58-1 


56-81 


21-2 


493 


10-81 


-0-0945 


57-4 


55-29 


21-1 


503 


9-88 


-0-093 


56-7 


53-83 


20-9 


513 


8-94 


-0-0915 


55-9 


52-43 


20-8 


523 


8-04 


-0-09 


55-1 


50-81 


20-7 


533 


7-14 


-0-0875 


53-8 


49-09 


20-6 



